1. Introduction {#s0005}
===============

Fever is a reaction of homeothermic animals and humans when thermogenic substance entered the body and interacted with the cells of the immune system ([@bib30]). It was a common response to infection, inflammation and trauma. Clinically, febrile response was characterized as a rise in body temperature above the normal range, and often treated with eliminating excess heat ([@bib23]). Although has different clinical courses, many communicable and infectious diseases can be classified into epidemic febrile disease according to therapies of traditional Chinese medical (TCM) such as severe acute respiratory syndrome (SARS) ([@bib28], [@bib33], [@bib14]), avian influenza A (H5N1) ([@bib21], [@bib26]), and swine influenza A (H1N1) ([@bib44], [@bib24], [@bib43]). Because of the common feature of high fever, these diseases could be treated with antipyretic prescription according to principle of febrile disease treatment in TCM.

Lipopolysaccharide (LPS), a bacterial endotoxin, is a group of heat stable molecules present in the outer membrane of Gram-negative bacteria that possesses toxic effect ([@bib7]). The injection of LPS was a reasonable model of bacterial infection, and literatures were replete with records that LPS caused a typical fever with intravenous or intraperitoneal injection ([@bib34], [@bib35], [@bib29]), and researchers often used LPS to induce reproducible febrile responses in animals ([@bib31]). Actually, Chinese researchers believed that an injection of LPS can induce a representative fever syndrome of Chinese medicine pattern in rabbit, and the fever pattern can be used to do studies for antipyretic traditional herb medicine and ethnopharmacological research ([@bib41], [@bib42], [@bib2], [@bib25]).

The traditional Chinese medicine had cured over 2000 years of sage advice, making it one of the oldest and most widely used systems of medicine in the world. Herbal medicine is one of the most essential elements of TCM, and Bai-Hu-Tang (or White Tiger Decoction) is a classical natural Chinese herbal formula with a long history of use. The formula originated from the treatise on febrile disease of *Shang Han Lun* (or Treatise on Cold-Attack) compiled by Zhong-Jing Zhang who lived in Eastern Han Dynasty in China. It was formulated with four herbs of Liquorice, Anemarrhena Rhizome, Gypsum and Rice, and mainly used to reduce fever and promote generation of body fluids ([@bib8], [@bib45]). It was also useful in treating diabetes mellitus ([@bib9]), eczema, pruritus, some anxiety and emotional disorders ([@bib16]).The formula has caused wide public concern over the recent years and practiced in many countries ([@bib12]), and even some international press also published works for user guide ([@bib16]). Therefore, the BHT is an important traditional Chinese formula that has been extensively used to prevent febrile disease in the world. But there was little basic theory report on its mechanism and effect.

In this study, a febrigenic dosage of LPS (15 µg/kg *i.v.*) was injected into rabbits to form an animal febrile model, then the model animals were gavaged with BHT at the same time, and the formula\'s function of liver damage prevention and immunomodulation was researched in rabbits. The method of animal treatment and a representative dosage of BHT (7 mL/kg) was an adaptation of other TCM researchers ([@bib10], [@bib36], [@bib40]), as well as our preliminary test, which indicated there was no significant difference in the dose range of 5--10 mL/kg (data not shown in manuscript). The research achievement of this study will scientifically explore the mechanism and effect of BHT, and provide theory support in traditional use of BHT.

2. Materials and methods {#s0010}
========================

2.1. Materials {#s0015}
--------------

### 2.1.1. Herbal materials and BHT extract {#s0020}

The herbs of Liquorice (sliced root of *Glycyrrhiza glabra L.* in *Leguminosae*), Anemarrhena Rhizome (sliced root of *Anemarrhena asphodeloides Bunge* in *Liliaceae*), Gypsum (crystal of calcium sulfate), and Rice (nonglutinous rice, polished seed of *Oryza sativa L.* in *Gramineae*) were purchased from Antaitang Pharmaceutical Co., Ltd., China, and identified by Dr. Zuoting Yan from Lanzhou Institute of Animal & Veterinary Pharmaceutics of Chinese Academy of Agricultural Sciences. As shown in [Fig. 1](#f0005){ref-type="fig"}, all of the herbs sample were deposited in a TCM Specimen Room with voucher numbers No. 100720 for Liquorice, No. 101208 for Anemarrhena Rhizome, No. 100906 for Gypsum, and No. 101202 for Rice.Fig. 1Four herbs voucher specimens are deposited in our institute herbarium. The specimen bottle was (a) Rice, (b) Liquorice, (c) Anemarrhena Rhizome, and (d) Gypsum. The pie charts were macro-photography of herb specimens from the specimen bottles of a--d.

Glycyrrhizae Radix 7.2 g, Anemarrhena Rhizome 21.8 g, Gypsum 60.2 g and Rice 10.8 g were extracted together by refluxing with boiling water twice. They were boiling water (1:10, w/v) for 2 h, and water (1:5, w/v) for 1 h, respectively. Two-time juice was blended together, filtered with three-layer gauzes, and concentrated to 100 ml experimental decoction. The experimental juice was autoclaved at 121 °C for 15 min, and kept in airtight containers at 4 °C until used.

### 2.1.2. Chemicals and reagents {#s0025}

LPS (*Escherichia coli* O55:B5) was purchased from Sigma Chemical Co. (St. Louis, MO, USA), and dissolved in saline (0.9% NaCl) at clean benches. Both of IL and Ig serum active ELISA kits were purchased from R&D Techno Co. (Minneapolis, MN, USA). Monoclonal antibodies of mouse anti-rabbit CD^4+^-FITC and CD^8+^-FITC were obtained from ABD Serotec (Kidlington, OX5 1GE, UK). Both of one-step RT-PCR kit (DRR055A) and SYBR Premix Taq kit (DRR081A) for real-time PCR were provided by TaKaRa Biotech Co. (Dalian, China). RNA fixer was purchased from Aidlab Biotechnologies Co. (Beijing, China). Primers for target genes were synthesized by Bejing Genomics Ins. (Beijing, China). Trizol Reagent was purchased from Invitrogen Corporation (Carlsbad CA, USA).

2.2. Animals and treatment {#s0030}
--------------------------

Adult New Zealand white rabbits weighted between 2.0 and 2.5 kg were used in the experiments, and housed individually in rabbit stocks under controlled room humidity of 50±5% and temperature of 25±1 °C with a 12 h light and 12 h darkness cycle. Animals were fed commercial stock diet and water *ad libitum*, and allowed to stabilize for at least 3 d in new surroundings before any experiments. All experimental animals were obtained from the animal center of Lanzhou Institute of Biological Products (Lanzhou, China). The rabbits were divided into three groups randomly. Group I served as control, and received only physiological saline; group II was fever model, which received only LPS (15 µg/kg body weight) by intravenous injection (*i.v.*) into ear vein; group III was gavaged with BHT (a representative dose of 7 ml/kg body weight) at the same time of LPS intravenous injection. Rabbits then received standard diet and water *ad libitum*.

2.3. Collection of blood and tissue samples {#s0035}
-------------------------------------------

At the time of 6 h after LPS injection and BHT administration, full conscious rabbits were immobilized on anchor platform through binding limbs outside body, and 6.5 mL blood was taken from heart by cardiac puncture with disposable syringe. After blood collection, the rabbits were anesthetized by an intraperitoneal injection of sodium pentobarbital (60 mg/kg) for 5 min, and sacrificed immediately. 5 mL blood was placed into aseptic tubes, and centrifuged (4 °C, 3000 rpm, 5 min) to get serum. 1.5 mL blood was placed into EDTAK~2~ tubes, and mixed to form anticoagulant blood. The serum sample was used for biochemical assays of IL-6, IL-10, TNF-α, IgG, IgA, and IgM. At the same time, anti-coagulated whole blood samples from EDTAK~2~ tubes were used to analyze T lymphocyte subpopulations of CD^4+^ and CD^8+^. Some liver tissues of rabbits were cut away, flushed in saline (0.9% NaCl), and immersed in formalin for pathology analysis. One more part of liver tissue was immersed in RNA Fixer, and stored at −80 °C for total RNA extract.

2.4. T lymphocyte subpopulations assay in blood {#s0040}
-----------------------------------------------

CD^4+^ T cells and CD^8+^ T cells were identified using directly conjugated anti-rabbit monoclonal antibodies. Briefly, 100 μl peripheral blood sample anti-coagulated by EDTAK~2~ were incubated in the dark with 10 μl of the mouse anti-rabbit CD^8+^-FITC or mouse anti-rabbit CD^4+^-FITC antibody for 20 min at 4 °C, and washed with 500 μl of FACS (Fluorescence Activated Cell Sorter) buffer. According to manufacturer, red cells were lysed by using 2 ml lysing solution (Becton Dickinson). The remaining leukocytes were washed with PBS (pH 7.2) twice and then fixed with 0.2 ml FACS Fix solution (Becton Dickinson). Fixed leukocytes were re-suspended in 1 ml PBS, and analyzed in a Becton Dickinson FACSCalibur flow cytometer (Becton Dickinson). Fluorescence data were collected from 2×10^4^ cells, and analyzed by using CELLQUEST software (Becton Dickinson).

2.5. Measurement of immunoglobulin and interleukin levels in serum {#s0045}
------------------------------------------------------------------

The serum samples were kept at −20 °C until ready for measurement. According to the manufacturer\'s protocol, levels of IgG, IgA, IgM, IL-6, IL-10, and TNF-α were measured by using commercially available ELISA kits.

2.6. Serum biochemical assays {#s0050}
-----------------------------

The levels of ALT and AST in serum samples were determined using an automatic biochemistry analyzer and biochemical kits (Mindray Biomedical Electronics Co., Shenzhen, China), following the manufacturer\'s instruction.

2.7. Pathological observe in liver tissue {#s0055}
-----------------------------------------

Liver tissue was fixed in 10% neutral-buffered formalin, and embedded in paraffin. Sections of 5-µm thickness were affixed to slides, deparaffinized, stained with hematoxylin--eosin (H&E) for general histopathology examination under a light microscope (Olympus, Japan), and assessed by a pathologist blind to the treatment groups.

2.8. Relative-quantification of gene expression by RT-PCR {#s0060}
---------------------------------------------------------

A two-step process was employed to determine relative quantity of selected genes. Briefly, total RNA was isolated from the liver using the Trizol Reagent according to the manufacturer\'s instructions and then 2 μg total RNA was reverse transcribed to cDNAs by use of an RT-PCR kit following the manufacturer\'s directions. The information of PCR primers were shown in [Table 1](#t0005){ref-type="table"}. PCR was performed for 39 cycles using the following conditions: pre-incubation at 95 °C for 30 s, denaturation at 95 °C for 5 s, annealing at 60 °C for 25 s, and elongation at 72 °C for 25 s. The PCR products were also verified by ethidium bromide-stained agarose gel electrophoresis (data not shown). For each real-time PCR sample was performed for target gene and the housekeeping gene (β-actin). Real-time PCR was performed for quantification of gene expression of TLR4 and LBP, and using the quantitative PCR Super Mix in a final reaction volume of 25 μl in 2×SYBR green (Molecular Probes) according to the manufacturer\'s protocol. The data were expressed as the number of threshold cycle (*C* ~t~). The relative quantification of the target genes was determined by calculating the ratio between concentration of target gene and that of housekeeping gene. For each real-time PCR analysis, the individual experiments were performed in triplicate.Table 1Informations of PCR primers and amplified products.Gene IDGene symbolSequenceSize of PCR products[AY101394](ncbi-n:AY101394){#ir0005}TLR4Forward primer 5′-GTGGAGACACACCTGACCTC-3′149-bpReverse primer 5′-GAAAGGTCCAGGTGCTCAAGG-3′  [M35534](ncbi-n:M35534){#ir0010}LBPForward primer 5′-GCAAGATTTGCAGGCAGATTG-3′155-bpReverse primer 5′-CATCACATCCAACATCCCAGC-3′  [XM_002712153](ncbi-n:XM_002712153){#ir0015}β-actinForward primer 5′-CGATGGTGATGACCTGGCTGTC-3′153-bpReverse primer 5′-GCACGGCTACAGCTTCACCAC-3′

2.9. Statistical evaluation {#s0065}
---------------------------

Data were reported as the means±standard deviation (S.D.), and analyzed by using *t*-test for comparisons of significance level (*P*) between the control and the treated values. *P*\<0.05 was considered to be statistically significant, and if it was not significant then the *P* value was not less than 0.05. Calculations were made with the commercially available software SPSS 13.0.

3. Results {#s0070}
==========

3.1. BHT prevented inflammatory cytokines sudden increase induced by LPS {#s0075}
------------------------------------------------------------------------

[Fig. 2](#f0010){ref-type="fig"} highlights that LPS significantly increased TNF-α, IL-6, and IL-10, especially a sudden IL-10 signaling that seems to become acute and life-threatening. After treatment with BHT, IL-10 decreased completely, and TNF-α reduced partially. Although IL-6 was still higher than control, it was lower than LPS group significantly. These data suggested that LPS led to an increase of inflammatory cytokines in rabbits, but BHT might prevent the sudden increase, and protect animals from the injury of the immoderate inflammatory response.Fig. 2Bai-Hu-Tang (BHT) inhibited inflammatory cytokines increase. The inflammatory cytokines of TNF-α (A), IL-6 (B) and IL-10 (C) suddenly increased by LPS injection (LPS vs. control, ^⁎^*p*\<0.05), but decreased significantly when prevented by BHT, respectively (LPS+BHT vs. LPS, ♯*p*\<0.05).

3.2. BHT prevented LPS-induced hepatic injury {#s0080}
---------------------------------------------

As biochemical marker for liver function, the serum levels of hepatic enzymes AST and ALT were elevated significantly (*P*\<0.05) by LPS injection. Due to the work of BHT, the elevation of these marker enzymes was significantly prevented ( [Fig. 3](#f0015){ref-type="fig"}A and B). [Fig. 3](#f0015){ref-type="fig"}C showed that liver pathological change of animals injected with LPS. It showed centrilobular necrosis, infiltration of immunity cells (such as macrophages and lymphocytes) into portal tract and sinusoid, hepatocytes ballooning, necrosis, and disintegration. Diffused areas of necrotic lesion, especially in the perivenular region which extends to the central zone, with collections of inflammatory cells, were observed after LPS injection when compared to control. Because of the absence of cellular necrosis and inflammatory infiltrates in the liver, it was evident that BHT prevented hepatic lesions produced by LPS, which was almost comparable to the control. These data indicated that BHT prevented liver injury and dysfunction induced by LPS in rabbits.Fig. 3Bai-Hu-Tang (BHT) decreased significantly the serum levels of hepatic enzymes ALT (A) and AST (B), and attenuated obviously immunoinflammatory liver damage (C). As biochemical markers for evaluation of hepatic injury, the results of biochemical assays revealed that BHT has obvious protective action for liver functions (LPS vs. control, ^⁎^*p*\<0.05; LPS+BHT vs. LPS, ♯*p*\<0.05), and H&E stain indicated that BHT also protected liver tissue from LPS injury (100×).

3.3. BHT prevent LPS-induced CD^8+^ cell decrease {#s0085}
-------------------------------------------------

The T cells subpopulation of CD^4+^ (Th cells) and CD^8+^ (Tc cells) in peripheral blood were determined by flow cytometry. The results showed that there was no change of CD^4+^ cells percentage ( [Fig. 4](#f0020){ref-type="fig"}A), but the percentage of CD^8+^ cells decreased significantly. Moreover, serum IgG, IgM, and IgA concentrations soared up after LPS injection. Due to administration of BHT, the percentage of CD^8+^ cells was not decreased by LPS ([Fig. 4](#f0020){ref-type="fig"}B), but enhanced immunoglobulins were still kept at a high level ([Fig. 4](#f0020){ref-type="fig"}C--E).Fig. 4Changes of immunoglobulins (A, G, and M) and T cell subpopulation in peripheral blood. Bai-Hu-Tang (BHT) increased the percentage of CD^8+^ cells that was down-regulated by LPS (B), but the numbers of CD^4+^ cell was not influenced by both of LPS and BHT (A). The immunoglobulin levels were increased by LPS significantly, but BHT did not have any effect on them (C--E). LPS vs. control, ^⁎^*p*\<0.05; LPS+BHT vs. LPS, ♯*p*\<0.05.

3.4. BHT prevented excessive expression of TLR4 as LPS receptor in liver tissue {#s0090}
-------------------------------------------------------------------------------

The RT-PCR semi-quantitation demonstrated that mRNA of TLR4 and LBP were up-regulated significantly after LPS injection. Due to the role of BHT, mRNA of TLR4 was down-regulated, but not significantly (*P*\>0.05). Note that BHT made mRNA of LBP expresses at a higher level ( [Fig. 5](#f0025){ref-type="fig"}B). These results indicated that BHT might prevent the LPS immunological response by inhibiting excessive expression of crucial factor TLR4 in pro-inflammatory signal transduction in hepatic tissue.Fig. 5Bai-Hu-Tang (BHT) affected the gene expression of TLR4 (A) and LBP (B) that were up-regulated by LPS in liver tissue. Both of TLR4 and LBP expressions were higher than normal level with LPS injection (LPS vs. control, ^⁎^*p*\<0.05), and BHT made LBP gene expression at a higher level (LPS+BHT vs. LPS, ♯*p*\<0.05), but had no significant effect on TLR4 expression (LPS+BHT vs. LPS, *p*\>0.05).

4. Discussion and conclusions {#s0095}
=============================

Cytokines play an essential role in mediating interactions between cells of the immune system ([@bib13]). A sprinkling of cytokine can be specific responses to apart from infections and get transition into recovery, but an excessive cytokine production may cause the immune system out of control, and cause the precipitation of pathological consequences ([@bib6]). Some diseases of fever, kidney dysfunction, and liver problem could be attributed to body\'s response to excessive cytokine production that storm physiology of the body, such as IL-6 and TNF-α ([@bib11]). This virulent immune response with production of large amounts of inflammatory cytokines often was named as immunoinflammatory response, and played the most important role in the pathogenesis of liver damage and dysfunction ([@bib32], [@bib38], [@bib5]). The results demonstrated that liver pathological changes were observed significantly in LPS-treated animals, and the serum concentrations of ALT and AST, which were functional readout for liver damage, increased drastically in LPS injection animals, but decreased to normal level with BHT prevention ([Fig. 3](#f0015){ref-type="fig"}). These changes were accompanied by changes of inflammatory cytokines, especially sudden change of IL-10 signaling ([Fig. 2](#f0010){ref-type="fig"}C). There were no significant changes of other cytokines of IL-2, IL-4, and IFN-γ (data not shown). This raised the intriguing possibility that excessive production of TNF-α, IL-6, and IL-10 ([Fig. 2](#f0010){ref-type="fig"}), which also caused excessive immune response, may be the direct cause of liver damage, and BHT was able to prevent the pathological process.

Because the activation of the innate immune response can be a prerequisite for triggering of acquired immunity ([@bib3]), the adaptive immune system always works in synchronization with innate immunity ([@bib1]). Depending on the combination of cytokines produced in response to the stimulus, innate and adaptive immune responses are initiated. As reported, LPS-induced proliferation of lymphoid cells is thought to be primarily restricted to B cells in acquired immune ([@bib37]), and nearly all B cells require the help of Th cells before they can mature and differentiate into antibody-secreting plasma cells. The conventional T cells played a critical role in tempering the inflammatory response recognized by innate immune system ([@bib18]). In this study, the results of immunoglobulins and T cell subpopulations showed that humoral immunity mediated by B cells was activated by LPS without CD^4+^ cell (Th cells) increase, but cell immunity carried out by CD^8+^ cells (Tc cells) was inhibited by LPS. Due to the role of BHT, the CD^8+^ cell decrease was prevented totally ([Fig. 4](#f0020){ref-type="fig"}B), but enhanced humoral immunity was still kept at a high level ([Fig. 4](#f0020){ref-type="fig"}C--E). Therefore, BHT did not affect the activated adaptive immunity, but prevented the cell immunity inhibition and excessive cytokines in innate immunity by LPS at the same time.

In addition to cytokines, an important role in innate immunity has been ascribed to TLR family ([@bib20]). Different TLR recognizes the different pattern-recognition receptors (PRRs) expressed on the effector cells of immunity system, such as TLR1 recognized lipoproteins, TLR3 recognized double-stranded RNA, and TLR4 recognized LPS ([@bib4], [@bib17]). Actually, TLRs as main PRRs of immunity system played an important role in linking between rapid defense of innate immunity and delayed eradication of adaptive immunity ([@bib39], [@bib27]). It was reported that TLR4 played an indispensable role in triggering LPS fever, and the phase of febrile response to LPS depended entirely on the TLR4 ([@bib35]). Because LPS firstly arrived at liver that is the main LPS-processing and clearance organs after intravenous administration ([@bib22], it was ponderable to investigate expression of functional genes in liver. The gene expressions of TLR4 studied herein were not affected by BHT ([Fig. 5](#f0025){ref-type="fig"}A), but LBP expression was increased ([Fig. 5](#f0025){ref-type="fig"}B), which bind and transport LPS to activate cells in the immunity system ([@bib19]), and inhibiting inflammatory response at higher concentration ([@bib15]). This indicated that BHT may play an important role in avoiding excessive immunity, and the elevated expression of TLR4 may be beneficial for the initiation of the following adaptive immunity linked by TLR4.

In conclusion, BHT prevented excessive cytokines increase, and protected animals from liver damage by LPS. BHT also defened CD^8+^ cell immunity against LPS, but did not affect adaptive immunity mediated by B cell and linked by TLR4. Therefore, BHT played an important role in immunomodulation and anti-injury in the treatment of febrile disease.
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